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METHOD FOR COMMUNICATING
CONTROL MESSAGES BETWEEN A FIRST
DEVICE AND A SECOND DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to data storage systems. Specifically,
the invention relates to apparatus, systems, and methods for
communicating control messages between a first device and a
second device.

2. Description of the Related Art

High density, removable media storage libraries are used to
provide large quantities of storage in a computer system.
Typically, such data storage systems are employed for backup
or other secondary storage purposes, but may be used as
primary storage in circumstances that are conducive to
sequential data access and the like.

FI1G. 1 illustrates a block diagram of a conventional system
100 that includes a removable media storage library. The
system 100 includes an Automated Library Unit (ALU) 102
and at least one host 104. Each host 104 may be a mainframe
computer. Alternatively, the hosts 104 may be servers or
personal computers using a variety of operating systems.

The ALU 102 includes a library manager (LM) 106, one or
more data drive devices, which may be tape drive units 108,
an accessor 110, and a plurality of media cartridges 112. The
plurality of media cartridges 112 may be stored in one or more
media cartridge storage bins (not shown).

The LM 106, which includes at least one computing pro-
cessor, 1s interconnected with, and controls the actions of, the
tape drive units 108 and the accessor 110. The LM 106 typi-
cally also includes one or more hard disk drives (not shown)
for memory storage, as well as, a control panel or keyboard
(not shown) to provide user input. The control panel may be
a computer in commumnication with the LM 106 so that a user
can control the operating parameters of the automated tape
library unit 102 independently of the host 104.

FIG. 1 illustrates three tape drive units 108a, 1085, and
108c. The system 100 may include a number of tape drive
units 108. The tape drive unmits 108 may share one single
repository of cartridges 112. Alternatively, the tape drive units
108 may independently correspond to and utilize multiple
repositories of cartridges 112. The tape drive units 108 may
advantageously be distributed over multiple locations to
decrease the probability that multiple tape drive units 108 will
be incapacitated by a disaster 1n one location.

The accessor 110 may be arobotic arm or other mechanical
device configured to transport a selected cartridge 112
between a storage bin and a tape drive unit 108. The accessor
110 typically includes a cartridge gripper and a bar code
scanner (not shown), or similar read system, mounted on the
gripper. The bar code scanner 1s used to read a volume serial
number (VOLSER) printed on a cartridge label affixed to the
cartridge 112. In alternative embodiments, the tape drive units
108 may be replaced by optical disk drives or other magnetic
drives. Similarly, the cartridges 112 may contain magnetic
media, optical media, or any other removable media corre-
sponding to the type of drive employed.

Generally, the host 104 connects via a data path 114
directly to the tape drive units 108. The data path 114 may
comprise a storage area network (SAN) or similar communi-
cations channel. The data path 114 serves to rapidly transfer
large quantities of data between two devices. Accordingly, the
data path 114 uses high speed protocols optimized to move
data such as Fibre Channel, Enterprise System Connection®
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puter System Interface (SCSI), and the like. Of course the
data path 114 may include other controllers, switches, and the
like for supporting the data transier protocol which have been
omitted for clarity. The data path 114 may comprise anetwork
such as a storage area network (SAN), a local area network
(LAN), wide area network (WAN), or a different type of
network, such as the Internet. Alternatively, the data path 114
may comprise a direct connection between the host 104 and
the tape drive units 108.

The host 104 communicates control information over a
control path 116 to the LM 106. The control path 116 may
also be referred to as a host control path 116 because nstruc-
tions generally originate from the host 104 and are directed to
the LM 106. Of course mstructions may also flow from the
LM 106 to the host 104.

Conventional systems 100 also include separate control
links 118. The control links 118 and control path 116 are
shown as dashed lines to mdicate that the host 104 and LM
106 transmuit and receive control signals, rather than data to be
transierred to the tape drive units 108 and/or the accessor 110.
Data for storage or retrieval may instead be transmitted
directly between the host 104 and the tape drive units 108 via
the data path 114.

Generally a control path 116 and control links 118 com-
prise physical cables such as RS-232 cables and employ
conventional serial protocols such as TCP/IP or other proto-
cols used on a LAN. Each control link 118a, 11856, 118¢
between a tape drive 108 and the LM 106 requires a separate
physical cable connected on each end to a separate physical
communication port.

Unfortunately, the control links 118 limait the capabilities of
the automated library unit 102. Specifically, each control link
118 typically has a length limitation and must have a separate
physical communication port on the LM 106. Consequently,
the LM 106 will only support a number of tape drives 108
corresponding to the maximum number of physical commu-
nications (minus two for the host control path 116 and the
control link 118 to the accessor 110). The communication
links 118 may be made from different kinds of cable for
example, RS-232, R5-422, or the like. However, these cables
are operable up to a maximum length. Accordingly, the tape
drives 108a must be located relatively close to the LM 106 to
properly exchange control information. Furthermore, the
cable for the control links 118 increases the cost of the system
100. Maintaining and troubleshooting faulty cables for con-
trol links 118 may also be difficult due the number of cables
and similarity in appearance.

Accordingly, what 1s needed 1s an apparatus, system, and
method to overcome the inelliciencies of conventional data
storage systems that include control links 118 between the
LM 106 and the tape drive units 108. In particular, the appa-
ratus, system, and method should replace the physical control
links 118 with a virtual control link between the LM 106 and
tape drives 108 using the existing control path 116 and data
path 114. Such a virtual control link should permit any num-
ber of tape drives 108 to communicate control information
with the LM 106. In addition, the apparatus, system, and
method should provide the virtual control link such that modi-
fications to the control information protocol do not require
corresponding modifications to the virtual control link. Such
an apparatus, system, and method 1s provided herein.

BRIEF SUMMARY OF THE INVENTION

The present mvention has been developed 1n response to
the present state of the art, and in particular, 1n response to the
problems and needs in the art that have not yet been fully
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solved by currently available cache management apparatus,
systems, and methods. Accordingly, the present invention has
been developed to provide a process, apparatus, and system
for communicating control messages between a first device
and a second device that overcome many or all of the above-
discussed shortcomings 1n the art.

An apparatus according to the present invention includes a
communication module, translation module and a transmais-
sion module. The communication module directs control
messages between a first device and a second device through
an intermediate device. The mtermediate device 1s coupled to
the first device by a control path and to the second device by
a data path. Preferably, the communication module comprises
corresponding components located within the first device and
the second device.

The translation module translates control messages
received over the control path at the intermediate device to
transport data messages. The translation module also trans-
lates transport data messages recerved over the data path at the
second device to control messages. Preferably, the commu-
nication module comprises corresponding components
located within the intermediate device and the second device.

The transmission module sends transport data messages
from the intermediate device over the data path to the second
device. The transmission module also sends control messages
from the second device over the control path to the first
device. Preferably, the communication module comprises
corresponding components located within the intermediate
device and the second device.

A system of the present invention 1s also presented for
communicating control messages between a first device and a
second device. In particular, the system, 1n one embodiment,
includes a media library and a host. The media library
includes a media library manager that 1ssues control informa-
tion to a plurality of storage devices for mounting and unload-
ing media cartridges.

The host 1s configured to communicate with the media
library manager over a host control path and with the plurality
ol storage devices over a data path. The host relays control
messages between the media library manager and the plural-
ity of storage devices. The control messages are translated
into transport data messages which travel over the data path to
the storage devices. Transport data messages are translated
into control messages that travel over the host control path.

A process of the present invention 1s also presented for
communicating control messages between a first device and a
second device. In one embodiment, the process includes
directing control messages between a first device and a sec-
ond device through an intermediate device. The intermediate
device 1s coupled to the first device by a control path and to the
second device by a data path. The intermediate device trans-
lates control messages received over the control path to trans-
port data messages and transport data messages received over
the data path to control messages. Transport data messages
are transierred between the intermediate device and the sec-
ond device over the data path. Control messages are trans-
terred between the intermediate device and the first device

over the control path. Transport data messages received by the
second device are translated 1nto control messages.

The features and advantages of the present invention will
become more fully apparent from the following description
and appended claims, or may be learned by the practice of the
invention as set forth hereinafter.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the invention will be readily
understood, a more particular description of the invention
briefly described above will be rendered by reference to spe-
cific embodiments that are illustrated 1n the appended draw-
ings. Understanding that these drawings depict only typical
embodiments of the mvention and are not therefore to be
considered to be limiting of 1ts scope, the mvention will be
described and explained with additional specificity and detail
through the use of the accompanying drawings, 1n which:

FIG. 1 1s a schematic block diagram illustrating a conven-
tional data storage system that includes physical control links
between a library manager and media drive units 108;

FIG. 2 1s a schematic block diagram illustrating one
embodiment of a system 1n accordance with the present
invention that replaces physical control links with a logical
control path;

FIG. 3 15 a logical block diagram illustrating one embodi-
ment of an apparatus 1n accordance with the present mnven-
tion;

FIG. 4 1s a schematic flow chart diagram illustrating a
method for communicating control messages between a first
device and a second device 1n accordance with the present
invention; and

FIG. § 1s a block diagram 1illustrating another embodiment
of a system for communicating control messages between a
first device and a second device in accordance with the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

It will be readily understood that the components of the
present invention, as generally described and illustrated in the
figures herein, may be arranged and designed in a wide vari-
ety of different configurations. Thus, the following more
detailed description of the embodiments of the apparatus,
system, and method of the present invention, as represented in
FIGS. 2 through 3, 1s not imntended to limit the scope of the
invention, as claimed, but 1s merely representative of selected
embodiments of the mvention.

Many of the functional units described 1n this specification
have been labeled as modules, 1n order to more particularly
emphasize theirr implementation independence. For example,
a module may be implemented as a hardware circuit compris-
ing custom VLSI circuits or gate arrays, oif-the-shelf semi-
conductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in program-
mable hardware devices such as field programmable gate
arrays, programmable array logic, programmable logic
devices, or the like.

Modules may also be implemented 1n software for execu-
tion by various types of processors. An 1dentified module of
executable code may, for instance, comprise one or more
physical or logical blocks of computer instructions which
may, for instance, be organized as an object, procedure, or
function. Nevertheless, the executables of an identified mod-
ule need not be physically located together, but may comprise
disparate 1nstructions stored in different locations which,
when joined logically together, comprise the module and
achieve the stated purpose for the module.

Indeed, a module of executable code could be a single
instruction, or many instructions, and may even be distributed
over several different code segments, among different pro-
grams, and across several memory devices. Similarly, opera-
tional data may be identified and illustrated herein within
modules, and may be embodied in any suitable form and
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organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over different
storage devices.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment of the
present invention. Thus, appearances of the phrases “in one
embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring,
to the same embodiment.

Furthermore, the described {eatures, structures, or charac-
teristics may be combined in any suitable manner in one or
more embodiments. In the following description, numerous
specific details are provided, such as examples of program-
ming, software modules, user selections, network transac-
tions, database queries, database structures, hardware mod-
ules, hardware circuits, hardware chips, etc., to provide a
thorough understanding of embodiments of the mvention.
One skilled 1n the relevant art will recognize, however, that
the invention can be practiced without one or more of the
specific details, or with other methods, components, materi-
als, etc. In other instances, well-known structures, materials,
or operations are not shown or described 1n detail to avoid
obscuring aspects of the imnvention.

The 1llustrated embodiments of the imvention will be best
understood by reference to the drawings, wherein like parts
are designated by like numerals throughout. The following
description 1s intended only by way of example, and simply
illustrates certain selected embodiments of devices, systems,
and processes that are consistent with the invention as
claimed herein.

FI1G. 2 illustrates a system 200 for communicating control
messages between a first device and a second device. The
system 200 includes substantially the same components as
depicted 1n FIG. 1, except for the control links 118 between
the LM 106 and the tape drive units 108. Instead of the direct
communication link (control links 118), the LM 106 1s con-
figured to exchange control messages (CM) 202 with drive
units 108 over the control path 116. The host 104 and tape
drive units 108 are configured to provide a logical communi-
cation path 204 for CM 202 between the LM 106 and tape
drive units 108.

The system 200 includes a media library 102 comprising a
LM 106 configured to communicate with the accessor 110 to
automatically mount and unload media cartridges 112. The
LM 106 coordinates actions of the accessor 110 and tape
drive units 108 by issuing CMs 202. CMs 202 typically
include basic mechanical operations such as “open tape
drive,” “close tape drive,” “eject tape.” Alternatively, certain
basic mechanical operations maybe completed in response to
more advanced CMs 202 such as “prepare to recerve tape,”
“tape loaded,” “clean tape drive head,” and the like. Other
CMs 202 may originate from the tape drive unit 108. These
CMs 202 may include “drive status,” “drive configuration
report,” “mechanical error condition,” “tape mounted,” and
the like. The CMs 202 ensure that automated actions by the
accessor 110 such as loading a new tape may be properly
completed. For example, a CM 202 ensures that the tape drive
unit 108 “mouth™ 1s open to receive a new tape presented by
the accessor 110. Of course CMs 202 may comprise almost
any command from the LM 106 to the tape drive umit 108. In
one embodiment, a control message 202 instructs the tape
drive unit 108 to set 1ts internal clock to a specific time.

The system 200 also includes a host 104. The host 104

communicates over a host control path 116 with the LM 106
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of the media library 102. The host 104 uses the host control
path 116 to request that the LM 106 mount a specific media
cartridge 112 on a specific tape drive unit 108a. Of course the
host 104 may 1ssue a variety of commands to the LM 106 over
the host control path 116 including diagnostic commands,
error recovery commands, and the like. Similarly, commands

and other control information may originate from the LM 106
directed to the host 104 and communicated over the host

control path 116.

The host 104 1s configured to distinguish between com-
mands from the LM 106 to the host 104 and CMs 202.
Preferably, a CM 202 1s addressed to a specific tape drive unit

108 for example tape drive umit 108a. The host 104 translates
CMs 202 into a message suitable for transier over the data
path 114 to a tape drive unit 108.

In certain embodiments, the host translates the CM 202
into a Transport Data Message (1DM) 206. A TDM 206
serves to transport a message across a data path 114. Prefer-
ably, the TDM 206 transiers an unaltered CM 202 over the
data path 114. In certain embodiments, the TDM 206 1s a data
packet wrapped around the CM 202 that comprises the data
portion of the TDM 206. The host 104 addresses the TDM
206 to the same tape drive unit 1084 addressed by the original

CM 202.

The host 104 then sends the TDM 206 over the data path

114 according to the commumnication protocol of the data path

114. Of course a variety of communication protocols may be
utilized on the data path 114 such as Fibre Channel, ESCON,

FICON, SCSI, and the like. The TDM 206 1s formatted to
comply with one or more of the supported protocols on the

data path 114.

In one embodiment, the host 104 communicates a TDM
206 to a tape drive unit 108 in the form of two different
Command Descriptor Blocks (CDB) for the SCSI protocol.
One CDB may be for sending TDMs 206 to a tape drive unit
108. The other CDB may be for recetving TDMs 206 from a
tape drive unit 108. As mentioned above, each type of CDB
may encapsulate the CM 202 as the data portion of the CDB.

The logical communication path 204 comprises the host
control path 116, the data path 114, and cooperation between
the host 104 and tape drive units 108 to exchange CMs 202
using TDMs 206. The tape drive units 108 are configured to
recognize TDMs 206 and translate the TDMs 206 into CMs
202 that may be processed by the tape drive unit 108 as though
the CMs 202 were received over the missing control links
118. The logical commumnication path 204 allows the host 104

to relay CMs 202 between the LM 106 and a plurality of
storage devices such as tape drive units 108.

FIG. 3 illustrates a logical representation of modules of an
apparatus 300 for communicating control messages between
a first device and a second device. The apparatus 300 includes
a first device 302, a second device 304, and an intermediate
device 306. The first device 302 1s coupled to the intermediate
device 306 by a host control path 116. The second device 304
1s coupled to the intermediate device 306 by a data path 114.
Preferably, there 1s no operable direct communication link
between the first device 302 and the second device 304. In the
interest of clarity, the second device 304 represents one or
more devices coupled to the data path 114.

While CMs 202 and TDMs 206 are discussed in detail
herein, those of skill 1n the art will recognize that a variety of
message types between a first device 302 and a second device
304 may be translated by the intermediate device 306 into
another message type such as TDM 206 within the scope of
the present invention. Accordingly, such similar exchange of
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messages using two different communication paths and an
intermediate device 306 are considered within the scope of
the present invention.

Preferably, the apparatus 300 comprises several modules.
In the 1llustrated embodiment, these modules are divided into
a pair of corresponding components that cooperate to perform
the function of the module such as sending and recetving of
messages such as CMs 202. Reference to one component or
the other or the module shall imply a reference to the other,
unless the context of the reference indicates otherwise. Typi-
cally, the flow of messages between components will be
described herein, 1in the context of, sending messages or
receiving messages with the understanding that those of skaill
in the art will readily recognize how to implement the corre-
sponding function, sending or receving.

The apparatus 300 includes a communication module 308
comprised of two communication components 308a, 3085.
One communication component 308q 1s implemented 1n the
first device 302 and the other communication component
3085 1s implemented 1n the second device 304. The commu-
nication module 308 serves to redirect CMs 202 from an
unconnected physical communication port to another port for
the logical communication path 204 (sending CMs 202 to and
from the intermediate device 306).

The communication component 308aq, 308b, may be
simple or complex. For example, within the first device 302
the communication component 308a may comprise a con-
figuration setting of a configuration file that indicates which
physical communication port the first device 302 is to use for
sending and recerving CMs 202. Similarly, within the second
device 304 the communication component 3085 may com-
prise a configuration setting or a software or hardware module
that sends and receives CMs 202 over the physical port con-
nected to the data path 114.

The apparatus 300 also includes a translation module 310.
The translation module 310 translates CMs 202 into TDMs
206 and TDMs 206 into CMs 202. A translation component
310a within the intermediate device 306 recognizes CMs 202
received over the control path 116 and translates these into
TDMs 206 for transier over the data path 114. Simailarly, the
translation component 310qa translates TDMs 206 received
over the data path 114 into CMs 202 suitable for transfer over
the control path 116.

In addition, the translation component 3106 within the
second device 304 recognizes CMs 202 from the second
device 304 to the first device 302 and translates the CMs 202
into TDMs 206 for transport over the data path 114. Likewise,
the translation component 3105 ftranslates TDMs 206
received over the data path 114 into CMs 202 understandable
to the second device 304.

In addition, the apparatus 300 includes a transmission
module 312. The transmission components 312a, 3125 send
and receive TDMs 206 over the data path 114. One transmis-
sion component 312a resides within the intermediate device
306 while the other transmission component 3125 resides
within the second device 304.

Those of skill i the art will readily recognize that the
translation module 310 and transmission module 312 may be
implemented 1n various ways. In one embodiment, as men-
tioned above, TDMs 206 are exchanged over the data path
114 using two new Command Descriptor Blocks (CDB)
according to the SCSI protocol. Alternatively, other parallel
or serial transport protocols may be used including FAST-20
SCSI, FAST-40 SCSI, Fibre Channel SCSI Protocol (FCP),
SCSI over TCP/IP (1SCSI), SCSI Remote Data Management
Access (RDMA) Protocol (SRP), and the like.
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In one embodiment, two new CDBs are defined that
include as arguments the length of the data and the data itsellf.
In this configuration, the data associated with the CDB 1s a
CM 202 recerved by the intermediate device 306 or a CM 202
originating from the second device 304. The CDBs serve as
transport mechanisms over the data path 114. In one configu-
ration, the TDM 206 may comprise a sending or receiving
CDB and the associated parameters.

For example, one CDB may represent sending ol messages
across the data path 114 and may be referred to as a Send
Simulated Library Message (SSLIM) CDB. The translation
module 310, specifically the translation component 3104 pro-
duces a SSLIM CDB. First, the translation module 310 dis-
tinguishes a CM 202 received from the first device 302 as a
CM 202 rather than a control message for the intermediate
device 306 which may be accomplished by detecting an 1den-
tifier such as an 1dentifier 1n the header of the message
received. Second, the translation component 310a produces a
TDM 206 that includes the CM 202 1n an unaltered form. Of
course, certain header information may be changed to comply
with the protocol such as framing bits or error checking.
Third, as mentioned, a transmission component 312a may
transmit the CM 202 as a parameter or as payload 1n a data
packet of the SSLIM CDB implementing the TDM 206 to the
second device 304.

The transmission component 3126 within the second
device 304 distinguishes the TDM 206 embodied as a SSLIM
CDB from other messages on the data path 114. The trans-
mission component 31256 communicates the SSLIM CDB to
the translation component 3105 which parses and reformats
the SSLIM CDB to reproduce the CM 202. Typically, the
translation component 3105 communicates the CM 202 to a
processor or controller (not shown) 1n the second device 304
which responds to the CM 202.

Similarly, the second device 304 may have a CM 202 for
the first device 302. Typically, the second device 304 1s sub-
servient to the first device 302 so most CMs 202 originate
from the first device 302. However, certain CM 202 such as
status reports may flow from the second device 304 to the first
device 302.

In certain embodiments, due to the primary purpose of the
data path 114, transferring large amounts of data, the second
device 304 1s typically not configured to initiate a message
(TDM 206 or data) to a target device connected to the data
path 114. Consequently, communication of a TDM 206 from
the second device 304 requires that another device coupled to
the data path 114 retrieve the TDM 206. In other words, the
second device 304 provides the TDM 206 in response to a
message from another mnitiator such as the intermediate
device 306. Typically, communications over the control path
116 and or data path 114 involve more than an exchange of a
single message. Typically, for each messages sent a response
or acknowledgement message 1s provided by the receiving
device.

Those of skill 1n the art recognize that messages may be
retrieved from the second device 304 using various tech-
niques. A few of these techniques are described herein as
examples. Of course 1n certain embodiments, the second
device 304 may be configured to independently send TDMs
206 such that retrieval of messages on the second device 304
1s not required.

In one embodiment, a transmission component 31256 may
queue CMs 202 that have been translated to TDMs 206 and
are ready to be sent to the first device 302. The first device 302
or intermediate device 306 may poll the second device 304 for
any queued TDMs 206. In one embodiment, the first device

302 polls the second device 304 for a response CM 202
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subsequent to transmitting a CM 202 to the second device 304
in the form of a TDM 206. Typically, the second device 304

has a CM 202 such as a “ready” status in response toa CM 202
from the first device 302. Alternatively, the first device 302
may periodically poll one or more second devices 304 forany

queued TDMs 206 (CMs 202).

In one embodiment, polling the second device 304 may
comprise the first device 302 sending a CM 202 such that the
intermediate device 306 generates a Receive Simulated

Library Message (RSLIM) CDB. The RSLIM CDB 1s com-
municated as a type of TDM 206 to the second device 304.
The second device 304 interprets the RSLIM CDB as an

indication that the first device 302 is prepared to receive the

next CM 202 queued in the second device 304. Inresponse to 15
the RSLIM CDB, the second device 304 sends the next

queued CM 202 1n the form of a TDM 206 to the intermediate
device 306 which relays the CM 202 to the first device 302.

In another embodiment, the second device 304 signals
when the transmission component 3125 has queued a TDM 20
206 for the first device 302. For example, 11 the data path 114
supports the SCSI protocol the transmission component 3125
may set a unit attention which indicates a queued TDM 206.
The intermediate device 306 may read the unit attention error
status flag during other communications with the second 23
device 304. In response, the intermediate device 306 sends a
CM 202 notitying the first device 302 that a TDM 206 1s
queued on a specific second device 304. Preferably, the sec-
ond device 304 1s 1dentified by an address since the data path
114 may include a plurality of devices. Consequently, the first 3¢
device 302 may retrieve the queued TDM 206 by sending a

CM 202 that the intermediate device translates into an
RSLIM CDB, an addressed TDM 206 sent to the second
device 304.

In an embodiment, that utilizes an SSLIM CDB and a
RSLIM CDB to implement the TDM 206, the transmission
components 312a, 3125 may set certain attributes of the CDB
such that the SCSI CDB and associated parameters are not
checked for deferred errors nor are the TDMs 206 1n such an
embodiment eligible for assignment checking. Since, the
SCSI CDBs are used to transport the CM 202 such error and
assignment checking may delay or prevent proper transfers of
TDMs 206 between the intermediate device 306 and the
second device 304.

10
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45
FIG. 4 1llustrates a method 400 for communicating control

messages between a first device and a second device. The
method begins 402 when either the first device 302 or the
second device 304 has a CM 202 to be sent. The CM 202 1s
directed 404 from the first device 302 to the second device
304 or vice versa through the mtermediate device 306. Of
course 11 the CM 202 originates from the second device 304,

the translation component 310 of the second device 304 trans-
lates the CM 202 into a TDM 206.

Preferably, a control path 116 couples the first device 302 55
to the mntermediate device 306. And, a data path 114 couples
the intermediate device 306 to the second device 304. As
discussed above, directing the CM 202 may be accomplished
using a communication module 308 having communication
components 308a, 308) respectively within the first device

302 and the second device 304.

The mtermediate device 306 recerves 406 a messages that
1s either a CM 202 or a TDM 206. Specifically, a transmission
component 312a may receive the message. Once recetved a
determination 408 1s made as to which type of message was 65
received. The determination 408 may be made based on deter-
mimng which physical port of the intermediate device 306 the

50

10

message was received on. Alternatively, the transmission
component 312a may analyze the message to determine the
message type.

If the message 1s a CM 202, the message originated from
the first device 302. Consequently, the translation component
312a translates 410 the CM 202 into a TDM 206 suitable for
the commumnication protocol used on the data path 114. Next,
the transmission component 312q sends 412 the TDM 206
over the data path 114 to the specific second device 304
intended to receive the enclosed CM 202. Preferably, the
communication component 308a ensures that CMs 202 sent
to the intermediate device 306 are properly addressed. In one
embodiment, the transmission component 3125 of the second
device 304 recerves the TDM 206. The translation component
310b translates 414 to TDM 206 into a CM 202 understand-
able to the second device 304 and the method 400 ends 416.

If intermediate device 306 determines that the messages 1s
a TDM 206, the message originated from the second device
304. Next, the translation component 310q translates 418 the
TDM 206 1nto a CM 202 suitable for transier over the control
path 116. The transmission component 312a sends 420 the
CM 202 over the control path 116 to the first device 302.
Finally, the method 400 ends 416.

In FIG. §, an alternative embodiment of a system 500 for
communicating control messages between a first device and a
second device 1s 1llustrated. Typically, an automated library
unit 102 communicates with drive units 108 according to one
or more configurations. Drive units 108 under one configu-
ration may be grouped 1n a frame 502. The automated library
unit 102 may support modern and legacy drive unit configu-
rations.

FIG. 2 illustrates a plurality of drive units 108a, 1085,
108c, that may be organized into a frame 502 that eliminates
the need for individual control links 118 between the drive
units 108 and the LM 106. Instead, CMs 202 are exchanged
over a logical communication path 204 by way of a host 104.

FIG. 5 1llustrates an alternative frame 502 configuration 1in
which a plurality of tape drive units 108a, 1085, 108¢ com-
municate by way of a storage device controller 504. A control
path 116 couples the storage device controller 504 to the LM
106. The storage device controller 504 communicates with
the drive units 108 over a data path 114.

Conventionally, the frame 502 configuration of FIG. 5
provided little exchange of messages between the LM 106
and the drive units 108. In contrast, the LM 106, storage
device controller 504, and drive units 108 are configured to
respectively implement the communication module 308,
translation module 310, and transmission module 312
described above 1n relation to FIG. 3. Consequently, a logical
communication path 204 exists such that the LM 106 and
drive units 108 may exchange CMs 202. In this manner, the
LM 106 may more directly control the mechanical behavior
of the drive units 108 to coordinate interaction with the acces-
sor 110.

In one embodiment, the storage device controller 504 1s
configured to direct data messages between an external host
104 and the plurality of drive units 108. In addition, the
storage device controller 504 relays CMs 202 between the
LM 106 and drive units 108. In certain embodiments, the
storage device controller 504 comprises substantially a host
integrated 1nto the frame 502 of the automated library unit
102. Of course the automated library unit 102 may include
additional frames 502 1n which drive units 108 are configured
according to FIG. 2.

In summary, the present mmvention provides a system,
method, and apparatus that replaces control links 118
between the LM 106 and the drive units 108 with a logical
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communication path 204. Replacing physical control links
118 between the LM 106 and the drive units 108 allows the
LM 106 to control and coordinate almost any number of drive
units 108 that are of variable physical distances from the LM
106 at a lower hardware cost. Furthermore, the LM 106 may
communicate with a plurality of drive units 108 coupled to a
storage device controller 5304. In addition, the format and/or
semantics of the CMs 202 may be modified without further
modification to modules that implement the present mven-
tion. The present mvention 1s insulated from the specific
implementation of CMs 202.

The present invention may be embodied 1n other specific
forms without departing from its spirit or essential character-
istics. The described embodiments are to be considered 1n all
respects only as illustrative and not restrictive. The scope of
the invention 1s, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What 1s claimed 1s:

1. A method for commumnicating control messages between
a media library manager and a storage device, comprising;:

directing the control messages between the media library
manager device and the storage device through a host,
the host coupled to the media library manager by a
control path and to the storage device by a data path;

distinguishing, at the host, first control messages received
over the control path by detecting an identifier 1n a
header of each of the first control messages;

translating, at the host, the first control messages received
over the control path 1nto first transport data messages,
wherein each first transport data message comprises a

Send Simulated Library Message (SSLIM) Small Com-
puter Systems Interface (SCSI) Command Descriptor
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Block (CDB) that encapsulates each of the first control
messages 1n an unaltered form;

translating, at the host, second transport data messages

received over the data path into second control mes-
sages, wherein each of the second transport data mes-
sage comprises a Recerve Simulated Library Message
(RSLIM) Small Computer Systems Interface (SCSI)
Command Descriptor Block (CDB) that encapsulates
cach of the second control messages 1n an unaltered
form;

sending from the host the first transport data messages over

the data path to the storage device and the second control
messages from the storage device over the control path
to the media library manager; and

translating, at the storage device, the first transport data

messages received by the storage device into the first
control messages.

2. The method of claim 1, further comprising the media
library manager polling a storage device for a response con-
trol message subsequent to sending the first control message
to the storage device.

3. The method of claim 1, further comprising the host
periodically polling storage devices coupled to the data path
for the second control messages for the media library man-
ager.

4. The method of claim 1, further comprising;

notifying the host of the second control message for the

media library manager; and

transterring the second control message from the storage

device to the media library manager 1n response to a
message from the media library manager.

5. The method of claim 1, further comprising:

configuring a media library manager and a storage device

to exchange control messages through the host.
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